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ABSTRACT 

Pore openings in different arrangements were observed between the ommatidia of the compound eyes of 
Scutigera coleoptrata (Scutigeromorpha) and Lithobius foificatus (Lithobiomorpha). Similar pores were 
not detectable between the ommatidia of either Scolopendromorpha or Craterostigmophora. Fine structural 
investigations revealed that the pores belong to epidermal exocrine glands. In order to highlight their specific 
location between the ommatidia, we suggest naming them ‘interommatidial exocrine glands'. Their function 
remains unclear. Possibly these glands produce anti-fungal or anti-bacterial substances which cover the 
comeae of the facetted eyes and thus preserve their clarity. Alternatively, secretions of the glands could 
prevent attachment of ectoparasites on the ommatidial cornea. We also discuss the significance of the 
‘interommatidial exocrine glands' in the light of the current debate on chilopod phylogeny. 

INTRODUCTION 

The cuticle of all centipedes is traversed by numerous pores that arise from exocrine 
glands in the epidermis. Until now these glands have received little scientific attention. 
However some older histological studies of epidermal glands in different regions of the 
body involved Chilopoda (Grenacher 1880; Brade-Birks & Brade-Birks 1920; Fuhrmann 
1922; Koch 1927; Fahlander 1938; Blower 1951 1952), and more recently additional 
information on their fine structural organisation has been forthcoming. The large ventral 
or sternal glands of Geophilomorpha (Turcato & Minelli 1990; Hopkin & Anger 1992) 
and the large telopodal glands of Lithobiomorpha (Keil 1975) are developed in distinct 
areas where the glands open in clusters of pore openings. Smaller epidermal glands in 
Lithobius forficatus Linnaeus, 1758 are associated with the organ of Tomosvary (Tichy 
1973), with sensilla trichoidea, or with the telopodal glands (Keil 1975). Alternatively, 
they are situated on the coxae of the last four trunk segments (Rosenberg 1994). Exocrine 
glands are also part of the coxal organs in Chilopoda (Rosenberg 1985; Rosenberg & 
Greven 1996). In Scutigera coleoptrata Linnaeus, 1758 the complex maxillary organ 
gland is composed of numerous exocrine glands (Hilken et al. 2003). 

While studying the fine structure of the facetted eye of S. coleoptrata, we observed 
some pore openings between the hexagonal ommatidia. Fine structural investigations 
revealed that each pore represents the distal part of a single epidermal exocrine gland 
which has not been described before. Similar epidermal glands in L. forficatus, situated 
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between ommatidia of the lateral ocelli were, however, described as integument glands 
(‘Integumentdriisen’) by Grenacher (1880) more than a century ago. Since we now 
know that the pores represent openings of glands, it is suggested that all of them be 
named ‘interommatidial exocrine glands’ to mark their specific arrangement between 
the ommatidia of the chilopod eye. 

One intention of this study was to describe the cellular structure of this new epidermal 
gland type in S. coleoptrata. We also reviewed the observations of Grenacher (1880) on 



Fig. 1. Semi-schematic reconstruction of two different types of scutigeromorph and lithobiomorph 
interommatidial exocrine gland. A. A longitudinal section through one interommatidial exocrine 
gland present within the compound eye of Scutigera coleoptrata. B. The probably more advanced 
lithobiomorph type, where up to three glandular modules are fused to one single interommatidial 
exocrine gland (Lithobius forficatus, cut-away view), cc = canal cell, co = cornea, du = cuticular 
gland ductule, gc = secretory gland cell, igc = intermediary gland cell, ipc = interommatidial 
pigment cell (covering cell), om = ommatidium. 
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L. forficatus and investigated whether similar pore openings of epidermal glands are 
established between the ommatidia of the so-called lateral ocelli as, for instance in the 
Scolopendromorpha (Scolopendridae and Cryptopidae) and Craterostigmomorpha. 

Besides providing a detailed morphological description, a further aim of this study 
was to speculate on the significance of the interommatidial exocrine glands in the light 
of the recently reviewed phylogenetic discussion on whether to follow the ‘ Anamorpha 
concept’ of Attems (1926), the ‘Pleurostigmophora hypothesis’ (e.g. Dohle 1985 1998; 
Borucki 1996), or the ‘Heteroterga hypothesis’ (Ax 1999). All three of these hypotheses 
try to explain the relationships within the Chilopoda. 

MATERIAL AND METHODS 

Scutigera coleoptrata (Scutigeromorpha) and Scolopendra cingulata Latreille, 1829 
(Scolopendromorpha) were collected from the islands of Sipan (Croatia) and Ibiza 
(Spain), and Lithobius forficatus (Lithobiomorpha) and Cryptops hortensis Leach, 1814 
(Scolopendromorpha) from a compost heap near Cologne (Germany). 

Individuals whose eyes were used in this study were decapitated under dark conditions. 
The severed head was then split in half along the sagittal plane in buffer solution. For 
TEM (transmission electron microscopy) investigations the bisected heads were fixed 
in a cold solution of prefixative modified after Karnovsky (1965) and including 2 % 
glutaraldehyde, 2 % paraformaldehyde, 1.52 % NaOH and 1.2g d-glucose dissolved in 
a 2.25 % natriumhydrogenphosphate-buffer (pH 7.4). Prefixation was followed by two 
hours of fixation in 1 % 0s04 at room temperature by using the same buffer. After 
dehydration in a graded series of ethanol the head pieces were embedded in epoxide 
resin (Araldit, FLUKA®). Ultrathin sections were stained with uranyl acetate and lead 
citrate for five minutes and examined under a ZEISS EM 902A electron microscope. 

For SEM (scanning electron microscopy) observations prefixed head pieces (see 
above) were critical point dried, sputtered with gold and observed at a voltage of 15 kV 
under a ZEISS DSM 960A electron microscope. SEM investigations on Australobius 
scabrior Chamberlin, 1920 (Lithobiomorpha) and the Tasmanian Craterostigmus 
tasmanius Pockock, 1902 (Craterostigmomorpha) were done by Gregory Edgecombe 
(Australian Museum, Sydney). 


RESULTS 

Scanning Electron Microscopy (SEM) 

In S. coleoptrata pore openings (0.5-0.6 pm) surrounded by a cuticular bulge are 
arranged between the hexagonal facetted ommatidia (Fig. 2A). The pores are strictly 
limited to the triangular interstitium which are always formed by a group of three 
ommatidia (Fig. 2B). An ommatidium in the midst of the eye has an average of two 
pores, but this number may vary locally. In the lateral regions (dorsal and ventral part 
of the eye) more pores are observable than in the frontal, caudal or apical eye region. A 
regular arrangement pattern is not apparent. 

In L. forficatus and A. scabrior similar pore openings are present between the ommatidia 
of the lateral ocelli (Fig. 2C). With respect to L. forficatus, they are, however, considerably 
wider in diameter (1.0-1.2 pm). Additionally, they are developed in smaller numbers and 
a cuticular bulge around the pore is not observable. Referring to a total number of 25 single 
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Fig. 2. Scanning electron micrographs (SEM) showing the outer morphology of the compound eyes of 
Scutigera coleoptrata and Lithobius forficatus. A. Lateral view of right compound eye of S. 
coleoptrata, reproducing fairly dense hexagonal packing of the facets (chosen counting regions 
marked). B. Dorsal view of one triangular interommatidial space, housing one gland pore opening 
(5. coleoptrata). C. Lateral view of the left eye of L. forficatus representing a lateral field of 25 
condensed, sometimes hexagonally arranged, ommatidia. D. Antero-lateral view of two 
interommatidial gland pore openings on the corneal surface of the left eye of L. forficatus. an = 
anterior eye region, ap = apical eye region, do = dorsal, gp = interommatidial gland pore, Id = 
latero-dorsal eye region, Iv = latero-ventral eye region, om = ommatidium, po = posterior eye 
region, to = Tomosvary Organ. 


ocelli, between four and six pores were observed on each eye (Fig. 2D), but with an average 
of one pore per ocellus, they are strictly limited to the central region. 

Such pore openings are not visible between the four ocelli of S. cingulata , nor among 
the more numerous lenses of C. hortensis. The eyes of C. tasmanius are represented by 
only one single pair of ocelli and therefore do not provide sufficient interocellar spaces. 
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Transmission Electron Microscopy (TEM) 

S. coleoptrata (Scutigeromorpha) 

The pore openings belong to small epidermal exocrine glands. These so-called 
‘interommatidial exocrine glands’ extend from the level of the corneal surface down to 
the nuclear region of the primary pigment cells. In S. coleoptrata each gland is composed 
of three different cell types: a single secretory gland cell, an intermediary (‘accessory’) 
cell and a distal canal cell. Both intermediary and canal cells surround the distal and 
median parts of the secretory cell in an onion-like manner (see Figs 1A, 3A). 

Secretory gland cell 

The secretory gland cell is drop-shaped. Its widened basal region houses the nucleus. 
Abundant cisternae of rough ER with parallel membrane orientation, numerous 
mitochondria, dictyosomes and large numbers of small electron-lucent and osmiophilic 
secretory granules are situated around the nucleus (Fig. 3B). Free ribosomes are also 
observable. The cytoplasm of its distal part is dominated by small and often fused 
electron-lucent secretory granules (Fig. 3A). The distal part of the cell invaginates into 
a pear-shaped extracellular cavity. The contents of the secretory granules are discharged 
into this cavity. Zonulae adhaerentes provide a stable link to the adjacent intermediary 
cell (Fig. 3C). 

Intermediary (‘accessory’) cell 

A small intermediary cell provides both the connection between the secretory gland and 
the distal canal cell and surrounds nearly the whole secretory gland cell body (Fig. 1A). 
The apex of the intermediary cell houses several microvilli bordering a widened extracellular 
cavity of the conducting canal, which is in connection with the most distal part of the 
secretory gland cell (Fig. 3C). Only in the most distal region of the extracellular cavity are 
the microvilli replaced by a cuticular intima, which is in contact with the cuticle of the pore 
canal. The dense cytoplasm of the intermediary cell, whose small nucleus is situated in the 
broadest part of the cell, is rich in rough ER and osmiophilic granules (Fig. 3A). 

Canal cell 

The canal cell occupies a distal position just below the corneal cuticle and surrounds the 
distal and median parts of both cell types described above (Fig. 1A). The canal cell forms 
a cuticular duct that traverses the cornea, then widens (Fig. 3D) and finally opens between 
the ommatidia. The cuticle is continuous with the epicuticle of the cornea. The material of 
the cuticle appears homogeneous and electron-lucent and is surrounded by an osmiophilic 
layer. The apical plasma membrane is intensely folded and forms deep microvilli-like 
projections, which surround the cuticular duct, but become smaller distally (Figs 3E, F). 
These apical infoldings are strengthened by microtubules. Homogeneous cuticular material 
is distributed between the microvillar infoldings (Fig. 3F). The cytoplasm of the canal cell 
contains a small nucleus of approximately 5 pm in diameter, numerous large osmiophilic 
secretory granules, and a weakly developed rough ER. 

L. forficatus (Lithobiomorpha) 

In L. forficatus somewhat similar interommatidial exocrine glands can be found. 
However, they differ from the type described above by forming clusters of two or three 
glandular units. Secondly, there is no evidence for the existence of an intermediary cell 
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and, therefore, every glandular unit includes only two different cell types, a proximal 
secretory gland cell and a distal canal cell (Fig. IB). 

Secretory gland cell 

Secretory gland cells, varying in number from one to three, can be observed in the 
proximal regions of several interommatidial triangles always made up by three 
surrounding ommatidia. However, a consistent arrangement was not apparent. The 
number of secretory gland cells apparently depends on their position within the Lithobius- 
eye, whereas the clustered ones seem to be limited to the central region. 

Each secretory gland cell is similarly drop-shaped as in S. coleoptrata. Its voluminous 
part is located most proximally, reaching the level of the nuclei of the proximal retinula 
cells. The small kidney-shaped nucleus is also located at this level. The rather electron- 
dense cytoplasm is enriched by dictyosomes, small osmiophilic vesicles, and an often 
circularly arranged rough ER (Fig. 4A). The lobe of the cell decreases continuously in 
volume, leading to distal regions, and usually contains a peripherally displaced rough 
ER, dictyosomes, and large, electron-dense and seemingly coalesced vesicles. The deeply 
infolded cell apex surrounds the basal lobe of the canal cell, which houses a small, 
cuticular duct (Fig. 4B). 

A wide extracellular cavity could, however, not be determined. Distally the secretory 
gland cell is increasingly ensheathed by numerous thin processes of the interommatidial 
pigment cells (covering cells). 

Canal cell 

Up to three clustered canal cells are noticeable in a triangular space surrounded by 
three ommatidia (see fig. 4C). No regular pattern was apparent here either, but eye 
glands located in more marginal areas show mostly only a single canal cell. 

The formation of a common cuticular duct, the occurrence of thin apical infoldings 
suiTounding the cuticular duct, the cytoplasmic consistency, its content of organelles, 
its shape, as well as the proximal position of the nucleus, closely resemble the situation 


Fig. 3. Transmission electron micrographs (TEM) showing fine structural details of the interommatidial 
exocrine gland within the facetted eye of Scutigera coleoptrata. A. Oblique-longitudinal section 
through distal region of an interommatidial space and the distal half of an interommatidial gland 
complex (bordered by interommatidial pigment and primary pigment cells). B. Transverse section 
through most proximal region of one secretory gland cell containing typical glandular organelles. 
A small remainder of the intermediary gland cell partly envelopes the voluminous lobe. C. 
Longitudinal section through extracellular cavity, representing proximal component of secretion¬ 
transporting system. D. Transverse section through most distal part of the canal cell containing 
the axial, widened cuticular gland ductule. Endocuticular lamellae of the cornea enclose the 
canal cell. Cuticular projections are homogenous and the main canal cells’ cytoplasm is radially 
displaced, but a small proportion of the plasma is aggregated into thin foldings of apical plasma 
membrane. E. Transverse section through middle region of canal cell. The narrow cuticular ductule 
is located axially and homogenous material of the cuticle is distributed between cytoplasmatic 
infoldings. Note the organisation of the inner cell membrane {arrow), indicating the sheathing 
character of this cell type. F. Oblique-longitudinal section through middle part of canal cell. 
Cytoplasmatic infoldings are strengthened with microtubules. The cuticle of the axial gland ductule 
is cut only tangentially, ca = extracellular cavity, cc = canal cell, co = cornea, cu = cuticle, des = 
desmosomes (Zonulae adhaerentes), die = dictyosome, du = cuticular gland ductule, gc = secretory 
gland cell, gr = osmiophilic secretory granules, igc = intermediary gland cell, inf= cytoplasmatic 
infoldings, ipc = interommatidial pigment cell, mic = microvilli, ppc = primary pigment cell, pro 
= cuticular projections, rER = rough endoplasmatic reticulum, sv = secretory vesicle. 
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Fig. 4. Transmission electron micrographs (TEM), showing fine structural organisation of the interommatidial 
exocrine gland within the lateral compound eye of Lithobius forficatus. A. Transverse section 
through proximal region of one secretory gland cell containing typical glandular organelles. The 
gland cell lobe is surrounded by dense layers of covering and proximal (basal) retinula cells. 
B. Transverse section through distal region of two neighbouring, unequally sized secretory gland 
cells; the upper one being penetrated by a small proximal process of the canal cell with the 
cuticular gland ductule. C. Oblique-transverse section through a triangular interstitium in distal 
eye region. Two neighbouring, but not yet fused canal cells fill the interommatidial space and are 
surrounded by covering cells and distal retinula cells. D. Transverse section through middle part 
of one canal cell containing axially placed cuticular gland ductule, ax = nerve bundle, cc = canal 
cell, co = cornea, coc = covering (interommatidial pigment) cells, die = dictyosome, du = cuticular 
gland ductule, gc = secretory gland cell, ml = mitochondrium, nu = nucleus, pro = cuticular 
projections, rc = retinula cell, rER = rough endoplasmatic reticulum, sv = secretory vesicle. 
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described above for the canal cells of S. coleoptrata (Fig. 4D). The proximal part of the 
canal cell envelopes, as well as penetrates, the apex of at least one secretory gland cell 
(Fig. 4B). The oblong nucleus lies beneath the transition zone of the distal and proximal 
retinula cells. 


DISCUSSION 

Epidermal exocrine glands between the ommatidia have never been described before 
in S. coleoptrata. Based on their fine structure it is obvious that these glands and the 
type of interommatidial exocrine gland found in L. forficatus correspond to class 3 
epidermal glands as defined by Noirot & Quennedy (1974) and Quennedy (1998) for 
insect epidermal glands. Those epidermal glands are composed of several cells connected 
to the cornea by a cuticular duct which drains the secretion outside. As far as is known 
to date from electron microscopic investigations on Chilopoda, epidermal glands are 
structurally very diverse. The glands are composed of varying cell types of different 
numbers: 

• Epidermal glands composed of two types of cells (secretory + canal): telopodal 
glands of Lithobiomorpha (Keil 1975), and ventral glands of Geophilomorpha 
(Turcato & Minelli 1990; Hopkin & Anger 1992). In L. forficatus additional 
exocrine glands are associated with the telopodal glands (Keil 1975). Exocrine 
glands are distributed in the vicinity of coxal organs (Rosenberg & Greven 1996); 
they sumound the organ of Tomosvary (Tichy 1973), are associated with the 
antennal complex of sensilla trichoidea (Keil 1975 1976), and are distributed 
between the ommatidia of L. forficatus (this paper). 

• Epidermal glands composed of three types of cells (secretory + intermediary + 
canal): interommatidial exocrine glands of S. coleoptrata (this paper); exocrine 
glands associated with the coxal organs in Lithobiomorpha, Scolopendromorpha 
and Geophilomorpha (Rosenberg 1985). 

• Epidermal glands composed of four types of cells (secretory + intermediary + 
proximal canal + distal canal): maxillary organ gland of S. coleoptrata (Hilken et 
al. 2003). 

The cuticle of the conducting canal is always formed by the canal cell(s). Canal cells 
are considered to be mostly secretory when microvillar differentiations of the apical 
plasma membrane are present, which surround the conducting canal. In intermediary 
cells a cuticle is only present in the most distal part of the conducting canal. In insect 
epidermal glands a cuticle is located in the extracellular space of the secretory cell and 
the conducting canal surrounded by one or more canal cells (Quennedy 1998). In 
Chilopoda, in contrast, no cuticular intima can be observed within the basal part of 
extracellular cavity formed by the apex of the secretory gland cell. A cuticle is only 
present in the most distal part of the conducting canal of the intermediary cell and in the 
conducting canal formed by the canal cells. 

Similar interommatidial exocrine glands have been described in L. forficatus by 
Grenadier (1880) and termed integument glands. The fine structure and position 
of their canal and secretory cells appear to be almost identical to the eye glands of 
S. coleoptrata. On the basis of an average number of two secretory and canal cells, 
as well as the lack of intermediary gland cells, we suggest that a fused, secondarily 
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derived exocrine eye gland type may be realised in Lithobius. Each single secretory 
gland cell, thereby, becomes fused with a single canal cell representing one module 
within an apparatus of a total of four cells. Proximally these modules are clustered, 
but not fused, and it is still an open question where the fusion exactly occurs. 
Since the number of up to three ascending cuticular ductules does not coincide 
with one pore opening per triangular interstitium, it seems likely that fusion occurs 
within the cornea or just beneath. 

Despite these differences, we suggest that the interommatidial exocrine glands of the 
Lithobiomorpha are homologous to those of the Scutigeromorpha. 

Phylogenetic implications 

Recently, the monophyly of the main chilopod taxa Scutigeromorpha, 
Lithobiomorpha, Craterostigmophora, Scolopendromorpha and Geophilomorpha was 
confirmed by combined molecular/morphological data analyses by Edgecombe et al. 
(1999) and Edgecombe & Giribet (2002). The Pleurostigmophora concept formulated 
first by Verhoeff (1902) and afterwards confirmed by Dohle (1985) has recently been 
supported by molecular data (Giribet et al. 1999), combined molecular/morphological 
studies (Edgecombe et al. 1999; Edgecombe & Giribet 2002), as well as by some 
characteristics of the circulatory system (Wirkner & Pass 2002). In the light of the 
Pleurostigmophora concept, with the notostigmophoran Scutigeromorpha as a sister 
group to the Pleurostigmophora, and the Lithobiomorpha as most basal taxon within 
the latter, the presence of interommatidial exocrine glands within the Scutigeromorpha 
and Lithobiomorpha implies that such eye glands belonged to the ground pattern of 
the Chilopoda and had been lost in the lineage leading to Craterostigmophora, 
Scolopendromorpha and Geophilomorpha. The proposed presence of interommatidial 
exocrine glands in the ground pattern of Chilopoda might also imply that compound 
eyes or at least extended fields of ocelli were present. But following principles 
of homology, we assume that ancestral chilopods may have possessed compound 
eyes (Muller et al. in review) and, therefore, we prefer to speak about ommatidia for 
both taxa, Scutigeromorpha and Lithobiomorpha, instead of using the earlier 
term ‘lateral ocelli’. The loss of interommatidial exocrine glands could be considered 
a result of a phylogenetic series of eye transmissions leading from large 
compound eyes in Scutigeromorpha, to the formation of smaller compound eyes— 
‘lateral ocellar fields’—in Pleurostigmophora. The regression of the number of 
ommatidia within Pleurostigmophora appears to have started in Lithobiomorpha (e.g. 
35-110 ommatidia in L. forficatus : Bahr (1971)), continued in Craterostigmophora 
and Scolopendromorpha (only few lateral ‘ocelli’), and ended in Geophilomorpha, 
resulting in a total reduction of ‘ocellar’ lens eyes. This evolutionary pathway agrees 
with Paulus (1986 2000), who illustrated several ommatidia-transforming mechanisms, 
which have occurred several times independently within the various groups of 
holometabolous insects and apparently have led to a high diversity of larval stemmata. 
Then, the loss of interommatidial exocrine glands within the stem lineage of Chilopoda 
could be related to the progressive shortage of interommatidial spaces. Secondly, the 
presence of those glands might, from a functional point of view, be only reasonable, if 
significant numbers of ommatidial ocelli were developed within the pleurostigmophoran 
eyes. 
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Functional considerations 

In insects three principal functions are attributed to epidermal glands. They are 
suitable for: a) chemical defence, and useful in b) intraspecific communication by 
chemical signals (pheromones), and c) possibly involved in the deposition of the 
cement layer on the cuticle (Noirot & Quennedy 1974). In Chilopoda the function 
of most of the epidermal exocrine glands remains unclear. The telopodal glands 
and the sternal glands function as defensive glands, which secrete defensive 
substances as a response to attacks from predatory arthropods. In Geophilomorpha 
the defensive secretion is characterised as proteinaceous and either cyanogenic 
(Jones et al. 1976; Schildknecht et al. 1968) or without cyanide (Hopkin et al. 
1990). The exocrine glands surrounding the coxal organs in Chilopoda secrete a 
carbohydrate-rich mucous layer. It has been suggested that this mucus consists of 
hygroscopic material, which would gather water vapour from the air (Rosenberg 
1985; Rosenberg & Greven 1996). Blower (1951 1952) mentioned epidermal glands 
in Lithobiomorpha and Geophilomorpha, located especially in those regions of 
the body where the animals come into contact with solids of the environment. The 
glands appear to secrete lipoid materials which pass onto and across the surface of 
the cuticle to form a superficial layer, impregnating the exocuticle. Data based on 
some Lithobiomorphs are available, which point to the presence of a sex-specific 
coxal pheromone (Littlewood & Blower 1987). Such pheromones are thought to 
be produced exclusively by epidermal exocrine glands situated in the vicinity of 
the coxal organs (Rosenberg 1994). 

Although the precise function of interommatidial exocrine glands in S. coleoptrata 
and in L. forficatus is still obscure, it seems likely that these glands produce anti-fungal 
or anti-bacterial substances that spread across the corneal surface and thus preserve 
clarity of the cornea. Bennet & Manton (1963) observed that epimorphic centipedes 
readily become infested with the resting stages of tyroglyphid mites. Such infestations 
have not occurred on Lithobius or Scutigera. It could be possible that the secretion of 
the interommatidial glands prevents attachment of ectoparasites on the ommatidial 
cornea. But as long as the composition of the secretion product of the interommatidial 
glands is not known, a functional explanation for the presence or absence of these 
glands, hitherto only found in Scutigeromorpha, Lithobiomorpha, possibly in an 
amphipod (Meyer-Rochow et al. 1991), and in a single archeaognathe species (Eisenbeis 
& Wichard 1985), appears speculative. We hope that our results and conclusions will 
lead to a renewed interest in chilopod vision in general and interommatidial exocrine 
glands in particular. 
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